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9 . 1  I N T R O D U CT I O N
Today’s fast changing society and environment resulted in the creation of new cultural and 
natural landscapes and in the deterioration of traditional landscapes (Antrop, 2005). New de-
velopments such as urban and infrastructure projects and the industrialisation and expansion 
of large-scale agriculture are resulting in new landscapes which are superimposed on tradi-
tional landscapes. The main difference between new landscapes and traditional landscapes is 
expressed by dynamics in speed and scale, as well as the changing perceptions, values and be-
haviour of their users (Antrop, 2005). As a result, the visual appearance and peoples perceived 
quality of landscapes are changing (Nohl, 2001; Antrop, 2004). As a consequence the extent 
to which people identify with the landscape may decrease and therefore people’s well-being 
is at stake. This is not limited to landscapes with outstanding beauty, but in particular applies 
to everyday landscapes where people live and work (Council of Europe, 2000). Without inter-
ference of policy makers or planners, the visual quality of everyday landscapes will decrease 
because landscape changes are mainly economy-driven (Bell, 1999). The need to protect and 
enhance landscape quality is now widely recognised and has been put on European and na-
tional political agendas (Council of Europe, 2000; Wascher, 2000; Piorr, 2003; Antrop, 2004; 
Dramstad, Tveit et al., 2006). There is an increasing demand for decision support systems that 
offer information on the visual quality of landscapes in order to monitor and evaluate the im-
pacts of ongoing developments (Tress, Tress et al., 2001; Scott, 2003).
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Although a signifi cant amount of scientifi c research has been done on visual landscape issues, 
policy makers are still calling for information that is more useful and relevant to policy-making 
processes and that can make these processes more effective (McNie, 2007). As McNie (2007) 
has indicated, there is often a mismatch between the information that is produced by scientists 
and the information that is required by policy makers. In particular, policy makers may need 
information that is not available or not useful, or they may not be aware of existing information 
that is of use to them. 
So what do policy makers require from decision support models for monitoring and evaluat-
ing visual landscape quality? Two recent developments are of particular interest. The fi rst is 
that policy makers have come to realise the need to include the perception of people in the 
decision-making process. This aspect of visual landscape assessment is included in the defi ni-
tion of landscape in the European Landscape Convention: “Landscape means an area, as per-
ceived by people, whose character is the result of the action and interaction of natural and/or 
human factors” (Council of Europe, 2000). This defi nition implies that people’s perception of 
the landscape should be included in policy making. The second is the increasing dependency of 
environmental policy making on a third wave of Geographic Information Systems (GIS) (Roche 
and Caron, 2009), which can combine and analyse many datasets in a transparent way. These 
developments have created a demand for a new generation of decision support tools that are 
both realistic and technologically advanced.
In recent decades, signifi cant advances in computers and increasing access to high-resolution 
geodata have led to an increasing deployment of GIS in assessing visual landscape variables, 
using reproducible methods, over wide areas. Some of the fi rst examples of mapping visual 
qualities using GIS are presented by Steinitz (1990) and Bishop and Hulse (1994). Mapping 
the environment based on people’s perception poses interesting challenges for geographical 
information science because it requires expertise in both GIS analyzing techniques and the psy-
chology of how people experience landscapes (Brabyn, 2008). The ability of GIS to represent 
individual views of landscape introduces the opportunity to explore subjective and personal 
views within a spatial environment, potentially coupling the quantitative processing capabili-
ties of GIS with a wide range of social and psychological methods (Aspinall, 2005). Geographic 
information systems (GIS) provide a way of representing large amounts of data on landscape in 
a comprehensible format. As such, GIS enables the assessment and analysis of landscape qual-
ity in a scientifi cally sound, and practically useful manner (O’Shea, 2006). In particular, GIS 
provides the possibility of making the decision-making process more transparent, standardised, 
and replicable (O’Looney, 2000). In order to be useful for decision makers, GIS tools need to 
be fl exible, easy to use, and adaptable (Geertman, 2002). Because of the tremendous growth 
in accessible and affordable geo-data, the role of GIS has increased within the decision-making 
process.
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The present research is aimed at developing a procedure to describe the visual landscape, 
which takes advantage of improvements in measurement techniques, developments in GIS and 
availability of high-resolution topographic data. The procedure is developed for policy making 
and spatial planning purposes, and provides information about one specifi c aspect of the visual 
landscape, landscape openness. In the remainder of the chapter, fi rst the concept of landscape 
openness is explained, then a method to model landscape openness is proposed. Subsequently, 
a procedure to use this model for policy making purposes is demonstrated. Finally the results of 
an evaluation of the procedure with policy makers are discussed.   
9 . 2  L A N D S C A P E  O P E N N E S S
Openness is an aspect of the visual landscape that is strongly emphasised in theories relating to 
perceived visual quality and landscape preference (Herzog, 1987; Coeterier, 1996; Tveit, Ode et 
al., 2006). The quality of openness depends on biological, as well as cultural and personal fac-
tors. Theories emphasising the biological aspect are evolutionary theories such as the prospect-
refuge theory (Appleton, 1975), in which prospect is the degree to which the environment 
provides an overview, which is directly related to landscape openness. According to this theory, 
people display a preference for certain confi gurations that combine enclosure and openness. 
Due to their evolution in the savannah, humans tend to prefer environments that offer various 
options for cover while at the same time allowing an overview of large spaces. Thus, a balance 
between open and enclosed landscapes appears to be preferred to either confi ned or exposed 
spaces (Strumse, 1994; Buijs, Jacobs et al., 1999; Hagerhall, 2001).  Another evolutionary-
based theory is the preference model developed by Kaplan et al. (1989). The model assumes 
people will be attracted to the landscape if human abilities to process information are stimu-
lated. The model consists of four components: coherence, complexity, legibility, and mystery. 
Openness is a key aspect of the components (Herzog and Kropscott, 2004) and was found to be 
a predictor of landscape preferences. Kaplan et al. (1989) compared four domains of predictors 
of landscape preferences. They found that openness, which was rated by respondents based 
on photographs, was one of the most powerful predictors. Notably, in the study by Kaplan et 
al. (1989) openness was found to be negatively related to landscape preference, whereas other 
studies have revealed positive relations between openness and landscape preference (e.g. Rog-
ge, Nevens et al., 2007) The quality of openness not only depends on biological factors, but also 
on other factors such as shared cultural values and personal learning experiences, which guide 
and fi lter people’s perceptions (Gifford, 1987; Bourassa, 1990).
The preferred degree of openness may differ across various dimensions. For example, from a 
general user perspective, half-open landscapes tend to be most preferred because these pro-
vide opportunities for understanding as well as exploration (Appleton, 1975). From a cultural 
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perspective, however, extreme degrees of openness or enclosure can be highly valued because 
these are markers of cultural values such as uniqueness and historical importance. Policy mak-
ers often take cultural values as a starting point for planning and decision making. They take 
a point of reference in the past to determine the current cultural value of landscapes. In The 
Netherlands for instance, 1900 has often been taken as reference year because it pre-dates the 
large-scale landscape developments of the twentieth century, such as urban sprawl, heath land 
reclamation, and land consolidation (Koomen, Maas et al., 2007). Based on such a reference 
year, a high degree of openness is preferred for one landscape type and a low degree of open-
ness for another. An example of varying preference is the landscape of the Netherlands, where 
one of the core qualities is a certain degree of openness.
9 . 3  M O D E L L I N G  L A N D S C A P E  O P E N N E S S
By making use of advances in GIS and high-resolution geodata, physical objects can be mod-
elled in detail. Models of openness have been developed based on physical objects, but here a 
perception-based approach is presented. The meaning of ‘perception-based’ in this chapter is 
that in contrast to a model constructed with objects alone, a subject or perceiver is added, on 
which the output of the model for openness is based. More precisely, the model is based on 
visual perception. To model landscape openness, the visual landscape – in particular the visual 
space – is simulated with the visible space. One way to model openness, which links perceptual 
factors with spatial information, is provided by the concept of the isovist, which has had a long 
history in architecture and geography, as well as mathematics. Tandy (1967) is generally ac-
knowledged to be the originator of the term isovist. An isovist is the space visible from a given 
viewpoint with respect to an environment. Benedikt (1979) has further developed the concept 
of isovists and introduced a set of analytical measurements of isovist properties. The appeal of 
the concept of an isovist is that it provides an intuitively attractive way of thinking about a spa-
tial environment, because it describes the space ‘from inside’, from the point of view of individ-
uals, as they perceive, interact with, and move through the space (Turner, Doxa et al., 2001). A 
similar concept has been developed in the fi eld of landscape architecture and planning, using 
the term viewshed. Although there are various methods to calculate both the isovist and views-
hed, a typical difference between the two concepts is that the isovist represents the space that 
can be ‘overviewed’, while the viewshed represents (parts of) objects that are visible. Other 
differences, such as taking into account the vertical viewing angle and terrain height, which are 
typically only included in the viewshed, are no limitations for isovists per se.  The possibilities 
of isovists and viewsheds have been investigated by many scientifi c studies for various purposes 
(Fisher, 1991, 1996; Batty, 2001; Llobera, 2003; Franz and Wiener, 2005; Stamps, 2005). 
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In this research ArcGIS and Isovist Analyst are used to measure the visible space by calculating 
isovists (Rana, 2002). The software calculates isovist polygons from two input datasets: a point 
layer, which represents locations of observer points, and an obstacles layer, which represents 
the physical environment (fi gure 1A and B). Visual limitations are simulated by parameter 
values, which limit the size of the isovists. Figure 1C shows the possible visible space from 
one viewpoint, based on the terrain height, the landscape elements and the observer height. 
Besides the location and the eye level of the observer, other characteristics like the angle of 
view also determine the visible space. This probable visible space (fi gure 1D) is related to the 
context and viewing characteristics of people during various activities. The limitations on the 
fi eld of view may be different for each activity. The isovist polygons for each observer point are 
constructed by fi rst calculating a number of radials, which are straight lines from the observer 
point to the fi rst obstacle and therefore represents lines of sight. The radials are calculated 
every n degrees. A disadvantage of this calculation method is that only the horizontal viewing 
angle is taken into account, and therefore does not detect a difference between for example a 
house of 7 metres high and a tower of 50 metres, while this difference is expected to affect the 
degree of openness. A solution for this limitation would be the calculation of three dimensional 
isovists, such as proposed by Culagovski (2007). 
9.3.1 Validation
The isovist and related concepts are applied in many situations, for example for landscape 
planning and policy making (Weitkamp, Bregt et al., 2007). In general, there is a lack of actual 
validations of such numerical and spatially explicit information to assess openness. Although 
the use of the isovist to estimate perceived openness is an intuitively attractive representation, 
the many assumptions and simplifi cations when modelling the perceived landscape openness 
require a validation. 
Figure 1
Aspects of landscape and space: terrain (A); landscape elements (B); possibly visible space (C); probably visible space (D)
A - Terrain
The height of the terrain is the 
fi rst input which shapes space.
B - Landscape elements
Vertical landscape elements 
such as trees and houses are 
the second input layer which 
creates space; they are draped 
upon terrain layer.
C - Possible visible space
The possibly visible space is 
based on previous layers and 
characteristics of an observer, 
like location and height.
D - Probably visible space
Information about the context of 
observing is used to calculate 
the probable visible space, like 
the view in a specifi c direction.
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Three isovist variables were selected to compare with perceived openness, based on the litera-
ture (Van der Ham and Iding, 1971; De Veer and Burrough, 1978; Stamps, 2005; Tveit, 2009) 
and based on the ease of detecting their equivalents in the fi eld. The fi rst is the minimum line 
of sight. The second is the maximum line of sight which emphasises the importance of distance 
for the perception of openness. The third is the average line of sight, which is strongly related 
to the size of the fi eld of view. In short, these three isovist variables and their perceived equiva-
lents in the real world can be summed up as: minimum radial and shortest line of sight; maxi-
mum radial and longest line of sight; and average radial and average line of sight.
A fi eld experiment was carried out to test the correspondence between the three isovist vari-
ables and perceived openness in the fi eld. Thirty-two Dutch students were asked to rate the 
openness of the landscape for thirteen fi eld locations, which cover the full range of openness in 
the Netherlands. A questionnaire was created in which the participants were asked to rate the 
openness of the landscape on a scale from 1 (low) to 10 (high). They were also asked to esti-
mate the average line of sight, maximum line of sight, and minimum line of sight (in metres). 
One way to examine how the isovist variables are related to perceived landscape openness is 
to calculate how much of the variation of openness can be explained by a combination of the 
variables. With openness as the dependent variable and the average radial, maximum radial, 
and minimum radial as predictors, multiple regression analysis was performed. This resulted in 
two models. The fi rst, with the average radial as the predictor, with an R2 of 0.84. The second 
with the average radial and the maximum radial as predictors, with an R2 of 0.91. In general, 
the minimum radial did not contribute much to the model (the average radial was dominant), 
but for individual locations, the perception of openness could change with a landscape element 
close to the observer while retaining similar values for maximum radial and average radial.
The relationship between perceived space and measured space is most often described by a 
power function (Wagner, 1985, 2006). The maximum radial and the average radial showed 
very high correlations with perceived openness, whereas the correlation of the minimum radial 
was lower. When values of the isovist variables reached above a certain value, further increase 
did not affect the openness rating. For example, if the maximum radial was higher than 3500 
metres or the average radial was higher than 1000 metres, the perceived openness remained 
fairly constant (on a scale from 1 to 10, between 9.2 and 9.8). Again, the minimum radial did 
not contribute much to the model, but for individual locations, the perception of openness 
could change with a landscape element close to the observer but with similar values for maxi-
mum radial and average radial. 
The most important difference between measured and perceived distances is that the measured 
distance only yields one result, whereas perception of distance varies within a group of people. 
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Because openness ratings are actually made by individuals, the reliability of individual ratings 
is an important aspect of the data analysis (Palmer and Hoffman, 2001). To obtain more infor-
mation about the variation within the group of participants, the Intraclass Correlation coef-
fi cient is calculated. This measured the extent to which participants agreed when rating the 
openness of the 13 locations. The average of the scores of the 32 participants were highly reli-
able (the Average Measure Intraclass Correlation value was 0.99), suggesting that despite the 
participants’ individual differences, the scoring process was successful in identifying different 
levels of openness. The Single Measure Intraclass Correlation is the reliability one would get if 
using just one participant. In this case, this value was 0.76. Landscape openness is a descriptive 
characteristic that can be rated in a fairly objective way and therefore there is high consistency 
between those rating.  
The range of openness ratings of the 32 participants is illustrated with a box plot in fi gure 2. 
The locations with average openness values (between 4 and 7) tended to show more varia-
tion than very high or very low rated openness. The three locations with the highest average 
openness ratings (11, 12, and 13) showed the lowest variation. Location 12 had a very uniform 
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Figure 2
Box plots of rating of fi eld openness by 32 participants for 13 locations. An increasing location number (x-axis) corresponds with and 
increasing isovist value
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rating except for two outliers. The locations were predicted to have an increasing value of open-
ness based on the isovist calculations. However, locations 4 and 6 had higher values than loca-
tion 5, and locations 7 to10.
In summary, most of the variation in perceived fi eld openness is explained by the average radial 
and the maximum radial of the isovist. There are however individual rating differences, but 
in particular, on group level, there are high correlations between isovist values and perceived 
openness ratings. When taking into account that differences between landscapes were relative-
ly small (all Dutch landscapes), for European landscapes it will be easier to detect differences, 
and therefore even better correlations are expected. In short, the isovist appears to be a good 
indicator of perceived landscape openness.
9 . 4  P R O C E D U R E
With the use of isovist measurements, a step-by-step procedure was developed for policy mak-
ers to simulate landscape openness based on perception and expert knowledge. The design of 
the procedure is based on a literature study about landscape perception, and conversations 
with landscape researchers, policy makers and planners. 
9.4.1 Create the observer layer
The fi rst step is to create an observer layer. The observer layer represents the locations from 
which people may perceive the landscape. Since the majority of people perceive the landscape 
from a road, a road network should be selected. In order to decide where on the road the 
viewpoints are located, a mode of perception has to be defi ned. This can be either a static or 
dynamic mode of perception (Weitkamp, Bregt et al., 2007). The mode of perception refl ects 
what people can see related to a certain activity. Accordingly it includes information about 
the observer as a subject, rather than as a physical object. Three main sampling strategies are 
distinguished to locate the viewpoints: individual point sampling, sequence points sampling 
and network point sampling. The fi rst sampling strategy refl ects perception of openness from 
individual locations, for example from a lookout (fi gure 3, step 1B). This is a static mode of per-
ception. These individual points can be predefi ned by policy makers and planners or randomly 
selected on the road network. The second sampling method refl ects perception from a sequence 
of locations (fi gure 3, step 1C). This is a dynamic mode of perception in which people perceive 
transitions and variations in landscape openness. The chosen distance between the points may 
depend on the expected perceived intensity of changes of openness: the more complex the 
spatial confi guration, the shorter the distance between points should be. The distance may also 
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Figure 3
Step-by-step procedure for measuring visibility
The numbers and letters are explained in the main text. A black letter means that the sub-step is required; a grey letter means that the sub-step is 
optional. A connected box means that the previous step is necessary to execute it; a non-connected box does not need a previous step to be executed.
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depend on people’s activity in the landscape. For a walking tourist the distance should be short-
er than for a person driving to work by car. The third sampling method refl ects perception from 
a network of roads (fi gure 3, step 1D). These points may be either a collection of individual 
points (fi rst sampling method) or a collection of sequences of points (second sampling meth-
od). The total collection of points does not refl ect the locations visited during one activity, but 
is a summary of multiple activities. This is in contrast to point sampling and sequence sampling, 
where there is a direct relationship between perception and locations of points. This sampling 
method may refl ect a static perception of openness, using predefi ned or random sampling, or a 
dynamic perception of openness, using regular or irregular sequencing points.
9.4.2  Define the physical space
The second step in calculating the visible space is to defi ne the physical space by merging a ter-
rain dataset (fi gure 3, step 2A) with a topographic dataset (fi gure 3, step 2B). For each observ-
er point defi ned in step 1, a contour line layer was created (fi gure 3, step 1C). This contour line 
layer is the obstacle layer input for calculating the isovists (fi gure 3, step 4). The height value 
of the contour lines is the sum of the value of the height model at the location of the observer 
point and the eye level value. 
9.4.3 Identify visual limitations
A person’s fi eld of view depends on their mode of perception and activity. For example, the 
fi eld of view of car drivers is much smaller than the fi eld of view of pedestrians. This limited 
fi eld of view has been termed the ‘useful visual fi eld’ and has been shown to be smaller than 
the peripheral visual fi eld (Ball, Owsley et al., 1993; Caduff and Timpf, 2008). Visual limita-
tions, like viewing angle and maximum line of sight, are inherent to human vision and have an 
effect on perceived landscape openness (Coeterier, 1994). For example, the maximum angle of 
view in the horizontal plane is about 210 degrees, with 120 degrees binocular overlap without 
movement of the head or eyes (Atchison and Smith, 2001). The useful visual fi eld can have 
smaller values for the viewing angle, depending on the mode of perception. Another example 
is the maximum visual line of sight. Many studies relate threshold distances of the line of sight 
to the foreground, middle ground and background, but with varying Euclidean distances (Van 
der Ham and Iding, 1971; US Forest Service, 1974; Smardon, Palmer et al., 1986; Bishop and 
Hulse, 1994; Baldwin, Fisher et al. , 1996). The viewing angle and the maximum line of sight 
vary with activity, motion speed, and perhaps complexity of the landscape. These parameters 
are added to the model to increase the accuracy of the visibility measurements for describing 
landscape openness (fi gure 3, step 3). 
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9.4.4 Compute the Visible Space
The visible space is calculated with isovists, using ArcGIS and Isovist Analyst (Rana, 2002). The 
software calculates isovist polygons from two input datasets: a point layer which represents 
locations of observer points (fi gure 3, step 1) and an obstacles layer which represents the verti-
cal landscape elements (fi gure 3, step 2). Visual limitations are simulated by parameter values 
that limit the size of the isovists (fi gure 3, step 3).
The isovist polygons for each observer point are constructed by fi rst calculating a number of ra-
dials, which are straight lines from the observer point to the fi rst obstacle and therefore repre-
sent lines of sight. The radials are calculated every n degrees. The most appropriate increment 
value for the radials (fi gure 3, step 4A) depends on the desired precision of the calculation and 
is also strongly correlated to computation time.
9.4.5 Select and Calculate Variables
The last step of the procedure is to derive variables from the isovist (fi gure 3, step 5). This is an 
important step. It adapts the output data better to the phenomenon of landscape openness and 
turns the output data into a format suitable for landscape policy making and planning.
The variables can be derived from three unit types. The smallest unit is a point; the variables 
are derived from one isovist. The next unit is a line; the variables are derived from sequencing 
isovists. The last unit is a network; the variables are derived from multiple isovists. Three types 
of (statistical) analysis are proposed to derive the variables from the output data: average, 
variation and prominence. The average analysis produces one general description of landscape 
openness for a unit. The variation analysis produces a description that refl ects the variation in 
openness within a unit. The prominence analysis selects a specifi c line of sight, isovist or se-
quence of isovists within a unit, which represents the character of landscape openness for that 
unit. 
9 . 5  E VA L U AT I O N
The procedure is designed to assess landscape openness in a way that meets the requirements 
for a good description of landscape openness as well as a generic procedure for landscape 
policy making and planning. A workshop was organised in which scientists and Dutch policy 
makers were brought together to evaluate the usefulness of the procedure. Six actual landscape 
openness cases, which were provided by the policy makers themselves, were used to present 
and illustrate the procedure. Three of the cases are shown in fi gure 4: Ronde Venen in the prov-
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ince of Utrecht, fi gure 5: near Winschoten, Groningen, and fi gure 6: Friese Meren, Friesland. 
There are well-established criteria available for evaluating the usefulness of decision support 
models at the interface between science and policy making. Four criteria are selected: rel-
evance to policy (Cash, Clark et al., 2003; Cash and Buizer, 2005; Jacobs, Garfi n et al., 2005; 
Keller, 2009), scientifi c credibility (OECD, 1999; Cash and Buizer, 2005; Jacobs, Garfi n et al., 
2005; Doody, Kearney et al., 2009), usability for policy makers (OECD, 1999; Park, Stabler et 
Figure 4
The case study area of Ronde Venen, Utrecht, is characterised by its polders, which have a high degree of openness. The development of 
natural habitats will require the construction of dikes to regulate the water table. Various scenarios for the location of dikes have been 
developed, one of which is shown in fi gure 4A. The background shows the height model of the landscape, the whiter areas representing 
higher height values and the darker areas representing lower height values. The policy question is how the dikes affect the openness of 
the landscape. The visible space from one viewpoint on the road, in the centre of the polder, is shown for the current situation in fi gure 
4B. The viewing angle is 360 degrees and the maximum line of sight is 3000 metres at an eye level of 1.6 metres. In the possible new 
situation the same viewpoint is located on the planned dike and the visible space is therefore larger than in the current situation (fi gure 
4D). However, the visible space decreases dramatically when located on a road next to the dike (fi gure 4C). This example illustrates that 
the exact location of the viewpoint is important when drawing conclusions about the effect on openness
A B
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al., 2004; Singh, Murty et al., 2009), and feasibility for implementation (OECD, 1999; Doody, 
Kearney et al., 2009). The policy makers who participated the workshop were asked to com-
ment on these four criteria for the procedure.  
Figure 5
The case study area of Winschoten, Groningen, is characterised by a contrast between large-scale open landscapes and enclosed 
landscapes. The open character is under threat, one of the reasons for this being the relocation of farm buildings from small 
settlements to the open agricultural areas. Figure 5.4A shows an example of recently built farmhouses. The provincial policy makers 
want to know the effect these buildings have on landscape openness. The calculation of the visible space is based on views from 
the road along which the buildings are located. To simulate the perception of openness during movement, viewpoints were fi xed at 
100 metre intervals along the road in the old situation (4C) and the new situation (4D), with the viewing angle set at 120 degrees in a 
southeasterly direction. The difference in visible space between the old and the current situation is shown in fi gure 5B. The difference 
is not big, partly because there were already some buildings and a patch of forest located along the road. The differences in openness at 
other locations on the road are even smaller because the road starts and ends in an enclosed area. The contrast between the enclosed 
areas and the open area along the road decreased slightly, but would still be perceived
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9.5.1 Relevance
All the participants, including three who mentioned that they already used other methods, felt 
the need to assess openness. Openness is defi ned as one of the core qualities of Dutch national 
landscapes, and many other European countries also consider it relevant to measure open-
ness. It was found relevant that people’s perceptions are explicitly taken into account, and that 
landscape functions or activities could be linked to perception. The procedure makes it possible 
to identify perceived openness for activities such as driving a car and enjoying the view from a 
viewpoint, which is useful for policy making. The functions of modes of perception and visual 
limitations were generally appreciated by the participants because they make the procedure 
fl exible enough to be applied to local situations. They also agreed that guidelines based on sci-
entifi c research were indispensable for its proper use. 
Figure 6
The case study area of the Friese Meren in the province of Friesland is characterised by its open landscapes. However, the spontaneous 
growth of vegetation around the lakes is reducing the openness of the landscape. The effect of the vegetation growth has to be 
assessed. The exact locations of the vegetation growth were not known, and the Top10vector may not show all this vegetation. We 
selected the vegetation within 50 metres of the shores of the lakes and designated it as spontaneous vegetation (fi gure 6A). We 
calculated the visible space for every location in the area based on a 100-metre grid. The viewing angle was set to 360 degrees and the 
eye level was set to 1.6 metres on the land and 1 metre on the water (fi gure 6B). A change in eye level can have a large effect on the 
openness. For example, the values for openness change dramatically when the eye level on the water is raised to 2 metres (fi gure 6C). 
The effect of the vegetation on openness can be seen by comparing fi gure 6C with 6D, in which the vegetation has been removed. The 
difference between the openness with vegetation (6C) and without vegetation (6D) is shown in fi gure 6E
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Furthermore the procedure was thought to be relevant because it can be used to develop valua-
tion standards for openness. Although the procedure does not provide predefi ned standards for 
determining whether there is ‘enough’ or ‘too little’ openness, the participants agreed that the 
procedure would be helpful in developing these. There was a discussion on whether valuations 
should be included as a standard element in a procedure. This could increase the relevance of 
such a procedure, but may also decrease its credibility.
The procedure supports the communication of information about openness to stakeholders, 
such as other governmental organisations at different levels. The procedure was also consid-
ered to be useful for participatory planning because it is easy to generate visual impressions of 
openness and the effects of certain landscape changes on openness. 
9.5.2 Credibility
The procedure was considered to be credible because it was clear and transparent. Participants 
considered the procedure much more credible than multi-criteria analysis, for example, which 
was compared with a ‘black box’. The isovist technique that is used to calculate the visible space 
was considered to be an intuitively good representation of landscape openness. The input data, 
the AHN and Top10vector, were the best data currently available, but are not yet detailed enough 
to accurately represent some elements. Although some improvement is possible, the participants 
agreed that the procedure could never entirely replace other methods of collecting information, 
such as fi eld visits, no matter how accurate and precise the input data. However, because policy 
makers are likely to differ in their landscape preferences and interpretations from the general pub-
lic (e.g. Vouligny, Domon et al., 2009), the use of more representative tools, that can make policy 
makers aware of their biases, was considered to be very important. Some participants indicated 
that the credibility of the procedure could be improved by including parameters related to peo-
ple’s cultural background or living environments. These parameters would primarily affect their 
preference for a certain degree of openness. Among the participants of the workshop there was 
general agreement on the complexity of developing a procedure for assessing preferred openness. 
9.5.3 Usability
The procedure is a usable instrument because of its transparency, which makes it possible to 
interpret the outcomes in an unambiguous way. The measured visible space is a usable basis 
for communicating landscape openness with other stakeholders because it is based on a simple 
and clear concept. The fl exibility of the procedure, which allows for the selection of various 
modes of perception and other parameters for the visual limitations related to various activi-
ties, also contributed much to its usability. However, a guideline on how to make use of these 
options was considered to be necessary for proper use. 
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9.5.4 Feasibility
The procedure employs widely used software and data and fairly simple techniques within GIS 
to make the measurements; this was appreciated by the participants. However, the whole pro-
cess was not yet automated and ready to be implemented in ArcGIS, the GIS software in use at 
the organisations where the participants were employed. The participants indicated that there 
is suffi cient knowledge of GIS in their organisations to use the procedure if it could be imple-
mented in ArcGIS. As their organisations do not have the necessary knowledge about landscape 
perception, and therefore about parameter values such as the viewing angle and the maximum 
line of sight, a guideline for the proper use of all the options related to different types of percep-
tion is required. 
The data that was used for the procedure, the AHN and Top10vector databases, was available 
to the participants. If such a procedure were to be used at the European level, data availability 
would be a major issue, because at this level such high-resolution topographic datasets and 
elevation models are not available. 
Having enough time and money is also a precondition for the feasibility of the procedure. The 
participants indicated that this would not be a problem, given that information about openness 
can be generated relatively quickly and at low cost. This is especially true in comparison with 
other procedures for including perception in policy making, such as surveys.
9 . 6  CO N C L U D I N G  R E M A R K S
A systematic GIS-based procedure for measuring landscape openness was developed which 
is explicitly modelled from the perspective of humans. The model provides exact estimates of 
possible visible space based on biological features of human vision, and physical features of the 
environment. In addition it estimates probable visible space by specifying modes of perception 
with corresponding visual limitations. From the perspective of human perception, an important 
limitation of the procedure is that it is restricted to calculating visible space, and does not in-
clude space as it is seen by people. What is seen not only depends on human vision and modes 
of perception, but also on other dimensions such as cultural values and personal learning ex-
periences. The procedure was found useful by policy makers, in particular its transparency and 
fl exibility were appreciated. 
Openness manifests itself differently in different cultural landscapes, and the development of 
prototypical openness values for each landscape type could be used as a guide for plans and 
policies. At the European level landscapes are typically classifi ed by experts using a top-down 
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approach. A need has been expressed to link these European top-down approaches with more 
perception-based bottom-up approaches. Present research provides a fi rst step in establish-
ing this link by developing a perception-based approach that produces measurable data. This 
study provides the basis for research and identifi es a number of areas where further research 
is required. The representation of openness may be improved by 3d isovists. However, valida-
tion is needed for indicating the benefi ts of 3d isovists. The three modes of perception also 
need validation to test how well the sampling strategies refl ect how people perceive openness. 
Another area that needs further research is the implementation in planning and policy mak-
ing. Guidelines need to be developed for the use of variable values. Finally, the development of 
prototypical descriptions of characteristic degrees of perceived openness for cultural landscape 
types, combined with bio-physical landscape types such as those of LANMAP (Mucher, Klijn et 
al., 2010), is another direction for further research.
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